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DESCRIPTION 
SURFACE COATED MEMBER AND CUTTING TOOL 

Technical Field 

[0001] The present invention relates to a surface coated member whose siirface is 
coated with a coating layer having excellent wear resistance as well as excellent fracture 
resistance and a cutting tool provided with the surface coated member, and in particulaTj 
to a cutting tool showing excellent cutting performance even during cutting that brings a 
large impact on a cutting edge. 
Backgroimd Art 

[0002] A surface coated member wherein the surface of a substrate is coated with a 
coating layer has been conventionally used for various applications. For example, a 
cutting tool wherein one or more coating layers such as titamxmx carbide (TiC) layer, 
titanium nitride (TiN) layer, titanium carbonitride (TiCN) layer, aluminum oxide 
(AI2O3) layer or the like are coated on the surface of a hard substrate such as cemented 
carbide, cermet and ceramics has been widely used in metal cutting* 
[0003] Recently, as cutting becomes highly eflScient, resistance to fracture and wear is 
required to be further improved. Particularly, such cutting as heavy interrupted cutting 
of metal that brings a large impact on a cutting edge has been on the increase. Under 
such severe cutting conditions, a conventional cutting tool does not allow a coating 
layer to endure a large impact and easily causes chipping and peeling of a coating layer. 
The problem is that such chipping and peeling of a coating layer cause unexpected tool 
failure such as a broken cutting edge or unusual wear, which makes it impossible for a 
tool to have a longer life. 

[0004] In order to improve the characteristics of the above coating layer. Patent 
Document 1 discloses that a titanium carbonitride layer having veitically growing 
crystals is divided by a particulate titanium nitride layer, thereby inhibiting 
delamination and increasing fracture resistance of a tool. 

Patent Document 2 describes that an aluminum oxide layer is coated on the surface of 
an AI2O3 ceramic substrate through CVD method and peeling occurred imder a load of 
5.9N (adhesive force 600g) in a scratch test. In addition. Patent Document 3 discloses 
that a coating layer composed of (Cr-Si-B)N is coated on the surface of the substrate 
composed of tool steel through ion plating method and the coating layer can attain a 
high scratch strength of lOON and be suitably applied to slide parts, cutting tools, molds 
or the like. 

[0005] Patent Document 1 : Japanese Unexamined Patent Publication No. 8-1408 
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Patent Document 2: Japanese Unexamined Patent Publication No. 5-169302 
Patent Document 3: Japanese Unexamined Patent Publication No. 2002-212707 

Disclosiire of the Invention 

Problem to be solved by the Invention 

[0006] However^ the stnicture of the coating layer described in Patent Document 1 has 
yet to make fracture resistance satisfactory. In particular, under recent severe cutting 
conditions such as heavy interrupted cutting that suddenly brings a large impact, 
chipping of a cutting edge still causes unusual wear and unexpected fracture, making 
tool life shorter. Moreover, when a coating layer has thin film thickness for the 
purpose of preventing chipping or peeling of the coating layer, the coating layer 
disappears earlier and wears away sooner, making it impossible for a tool to have a long 
life. Also, in steel cutting, resistance to fracture and wear has been required to be 
further improved. 

[0007] The adhesive force of the coating layer in Patent Document 2 is insufficient in 
terms of adhesion to a substrate. Therefore, xmder cutting conditions that bring an 
impact, the coating layer peels early and wears away quickly. Furthermore, when a 
single-layer coating layer having strong adhesive force in Patent Document 3 is used for 
various applications, it suddenly receives a large impact in actual use and is easily 
broken. It is also necessary to take into consideration the oxidation of the coating 
layer surfece and the compatibiUty with materials of a contactee to be contacted by a 
member. For this reason, the coating layer of Patent Document 3 cannot be applied as 
it is, and another coating layer needs to be coated as an upper layer. However, the 
problem of peeling in the interface between another coating layer and the lower coating 
layer having strong adhesive force remains unsolved. 

[0008] The main advantage of the present invention is to provide a surface coated 
member that has excellent toughness and higli fracture resistance and is suitably used 
especially for metal cutting such as steel cutting. 

Another advantage of the present invention is to provide a surface coated member that 
can be applied to a long life tool having excellent fracture resistance even under severe 
cutting conditions such as interrupted cutting of cast iron that bring a strong impact on a 
tooPs cutting edge. 

The other advantage of the present invention is to provide a long life tool having 
excellent resistance to fracture and wear. 
Means for solving the problem 

[0009] A surface coated member of the present invention is based on the new finding 
that by providing a coating layer composed of at least two layers (a lower layer and an 
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upper layer) on the surface of the substrate and optimizing adhesive force between the 
layers of the coating layer and between the coating layer and a substrate, it is possible to 
provide a surface coated member that has better toughness and fracture resistance 
without losing hardness necessary for practical use. 

[0010] For example, even if a coating layer suddenly receives a large impact in cutting 
such as interrupted cutting which require fracture resistance, slight peeling between the 
layers of the coating layer or occurrence of cracks absorb the impact^ thereby making it 
possible to reduce extensive peeling between the layers of a hard coating layer, and 
cMpping, fracture and peeling of the entire coating layer, 

[0011] The surface coated member according to the present invention comprises a 
substrate, a lower layer composed of at least one layer and coated on the surface of the 
substrate, and an upper layer composed of at least one layer and coated on the surface of 
the lower layer. When Fu stands for a peeling load under which the upper layer starts 
to peel away from the surface of the lower layer and Fl stands for a peeling load under 
which the lower layer starts to peel away from the surface of the substrate, the ratio 
(FiyFu)isLlto30. 

[0012] It is desirable in order to improve wear resistance of a member that the peeling 
load Fu is 10 to 75N and the peeling load Fl is not less than 80N* 
In addition, the interface roughness R in the interface between the upper and the lower 
layers that is figured out based on the method of arithmetical mean surface roughness 
(Ra) fix>m irregular shape is desirably 0,5 to 3*0 |xm in order to control the force of the 
lower side of the upper layer being pulled out and easily control the adhesive force of 
the upper layer. 

[0013] Furthermore, desirably, the upper layer has a film thickness of 2,0 to 10.0 |jm 
and the lower layer has a film thickness of 3.0 to 12.0 jim, in order to control the 
peeling load of each of the above layers and improve fracture resistance. By 
controlling film thickness in the above range, wear resistance becomes higher. 
[0014] The combination of the upper layer having at least one aluminum oxide layer 
aad the lower layer having at least one titanium carbonitride layer is desirable to 
provide very excellent resistance to wear and fracture. 

[0015] It is desirable that the titaniimi carbonitride layer is composed of columnar 
titanium carbonitride crystals which have grown in a direction vertical to the surface of 
the substrate and that the mean crystal width of the columnar titanium carbonitride 
crystals on the aluminum oxide layer side is larger than the mean crystal width on the 
substrate side. In particular, it is desirable in order to control both adhesive force 
between the aluminum oxide layer and the titanium carbonitride layer and adhesive 
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force between the substrate and the titanium carbonitride layer and to improve fracture 
resistance that the mean crystal width wi on the substrate side is 0.05 to 0,7 |jm and that 
the ratio (wi/wi) of the mean crystal width wi on the substrate side to the mean crystal 
width W2 of the columnar carbonitride crystals on the aluminum oxide layer side is not 
more than 0.7. 

[0016] It is desirable in order to effectively stop the expansion of cracks that occur on 
the aluminum oxide layer side and further improve fracture resistance that the titanium 
carbonitride layer is composed at least of a titanium carbonitride upper layer coated on 
the aluminum oxide layer side and a titanium carbonitride lower layer coated on the 
substrate side and that the mean crystal Mddth of the titaniimi carbonitride upper layer is 
larger than that of the titanium carbonitride lower layer. In this case, in terms of 
optimizing the wear resistance and fracture resistance of a member, the titanium 
carbonitride lower layer may have a fihn thickness tj of LO to 10*0 lam^ the titanium 
carbonitride upper layer may have a film thickness t2 of 1 .0 to 5.0 nm, and the relation 
of 1< t\/ 12 < 5 may be satisfied. 

[0017] When the titanium carbonitride lower layer is viewed from the surface, the 
titanium carbonitride lower layer may be composed of the aggregate of acicular 
titanium carbonitride particles, and the acicular titanium carbonitride particles may 
respectively grow in a random direction on the surface of the titanium carbonitride 
lower layer. This enhances so-called crack deflection effect which means that cracks 
expand not straight but zigzag, prevents cracks from expanding at a stretch and 
improves fracture resistance. 

[0018] In order to enhance the effect of deflecting cracks that have occurred in the 
coating layer and preventing cracks from expanding, increase the fracture toughness of 
the coating layer and improve fracture resistance, it is desirable that the acicular 
titanium carbonitride particles have an average aspect ratio of not less than 2 when 
observed from the surface direction of the titanium carbonitride lower layer. 
[0019] It is also desirable in terms of increasing the strength of the titaniimi carbonitride 
layer itself and improving the wear resistance of the titanium carbonitride layer that the 
acicular titanium carbonitride particles have an average long axis length of not more 
than 1 |xm when observed from the surface direction of the titanium carbonitride lower 
layer. 

[0020] In the surface coated member of the present invention, at least one of a surface 
layer coated on the uppermost surface of the upper layer, a middle layer coated on the 
bottommost surface of the upper layer and a base layer coated on the surface of the 
substrate in the lower layer may be a coating layer composed of one or more layers 
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selected from the group consisting of TiN layer, TiC layer, TiCNO layer, TiCO layer 
and TiNO layer. 

[0021] By coating the Ti-based coating layer as above as a base layer on the titanium 
carbonitride lower layer, it is possible to achieve the effect of inhibiting the diffusion of 
substrate components and to easily control the crystal structure of the titanium 
carbonitride layer. In addition, by forming the Ti-based coating layer as above as a 
middle layer between the titanium carbonitride layer and the aluminum oxide layer, it 
becomes easy to adjust the adhesive force between the titanium carbonitride layer and 
the aluminum oxide layer. Moreover, the crystal structure of the aluminum oxide layer 
can be optimized and the peeling load of the aluminum oxide layer can be easily 
controlled. By coating the Ti-based coating layer as above as a surface layer on the 
surface of the aluminum oxide layer, it becomes possible to adjust the tribology 
property and appearance of the surface of the coating layer. 

[0022] Furthermore, at least one of the titanium carbonitride layer and the aluminum 
oxide layer may be composed of two or more layers, and a coating layer selected from 
the group consisting of TiN layer, TiC layer, TiCNO layer, TiCO layer and TiNO layer 
(hereinafter, referred to as another Ti-based interlayer coating layer) may be formed 
between the two or more layers. This has the effect of fiirther increasing the toughness 
of the member. The aluminum oxide layer desirably has a (alpha)-type crystal 
structure to keep structurally stable and maintain excellent wear resistance even at high 
temperature. 

[0023] The cutting tool of the present invention performs cutting, putting on a 
workpiece material a cutting edge that is formed on the cross ridge portion of a rake 
face and a flank face* The cutting edge is composed of the above-mentioned surface 
coated member. In particular, the cutting tool of the present invention comprises a 
substrate, a titanium carbonitride layer coated on the surface of the substrate and an 
aluminum oxide layer coated on the surface of the titanium carbonitride layer. When 
Fu stands for a peeling load under which the aluminum oxide layer starts to peel away 
from the surface of the titanium carbonitride layer and Fl stands for a peeling load 
under which the titanium carbonitride layer starts to peel away from the surface of the 
substrate, the peeling load Fu under which the altiminum oxide layer starts to peel may 
be 10 to 75N, the peeling load Fl under which the titanium carbonitride layer starts to 
peel may be not less than SON, and the ratio (FiyPu) may be L 1 to 30. 
[0024] The other surface coated member of the present invention is based on the new 
finding that by observing depression that are formed when so-called Calotest is 
conducted on a surface coated member wherein a hard coating layer including at least a 



6 



titanium carbonitride layer and an aluminum oxide layer coated as its upper layer is 
provided on the substrate surface, evaluation can be made on partial distribution of wear 
resistance and fracture resistance in the hard coating layer. 

[0025] Observing the depression, the substrate is exposed at the center of the depression. 
If the density of cracks in the titanium carbonitride layer which are observed around the 
substrate, that is, average crack spacing is most appropriate, residual stress occurring 
between the titaniimi carbonitride layer and the aluminum oxide layer as an upper layer 
is relieved. For example, even if a hard coating layer suddenly receives a large impact 
during interrupted cutting, the impact can be absorbed without chipping and fracture in 
the hard coating layer caused by another large crack. The presence of a lower structure 
of the titanium carbonitride layer where cracks are rarely produced prevents the 
expansion of cracks produced in an upper structure. Therefore, the titanium 
carbonitride layer or the entire hard coating layer imdergoes neither chipping nor 
peeling. As a result, it is possible to prevent the chipping and peeling of the entire 
hard coating layer and improve the wear resistance of the entire hard coating layer. 
[0026] The surface coated member according to the present invention comprises a 
substrate and a hard coating layer coated on the surface of the substrate. The hard 
coating layer includes at least one titanium carbonitride layer and an aliraiinum oxide 
layer coated as an upper layer of the titanium carbonitride layer. Calotest is conducted 
by putting a hard ball on the surface of the surface coated member and rotating the hard 
ball on its own axis. The contact point of the hard ball in the surface coated member is 
partially worn down and a depression having a spherical surface is formed in the hard 
coating layer so as to expose the substrate to the center. According to the surface 
coated member of the present invention, the titanium carbonitride layer which is 
observed at the periphery of the substrate exposed at the center of the depression has a 
lower structure and an upper structure. The lower structure has no or few cracks* 
The upper structure is observed at the periphery of the lower structure and has higher 
density of cracks than the lower structure, 

[0027] Desirably, the titanium carbonitride layer which is seen at the periphery of the 
substrate exposed at the center of the depression when observing the depression in the 
Calotest is composed of a multilayer including a lower titanium carbonitride layer and 
an upper titanium carbonitride layer. The lower titanium carbonitride layer is observed 
around the exposed substrate m the center of the depression and has no or few cracks. 
The upper titanium carbonitride layer is observed around the lower titanium 
carbonitride layer and has higher density of cracks than the lower titanium carbonitride 
layer. This makes it possible to enhance the effect of preventing cracks produced in 
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the upper part of the titanium carbonitride layer from expanding continuously and 
reaching the bottom part and to ensure that chipping and fracture are inhibited, 
[0028] It is desirable that the lower titanium carbonitride layer has a film thickness ts of 
1 jmi < ta < 10 ^im, the upper titanium carbonitride layer has a film thickness t4 of 0.5 
jmi < t4 < 5 pm, and the relation of 1 < ts/ 14 < 5 is satisfied. Thereby, it is possible not 
only to increase adhesion between the titanium carbonitride layer and the aluminum 
oxide layer and inhibit the crack expansion of the titanium carbonitride layer itself, but 
also to increase the impact resistance of the entire hard coating layer, prevent chipping 
and fracture in a tool as a whole and maintain high wear resistance. 
[0029] It is desirable that the titanium carbonitride layer is composed of columnar 
titanium carbonitride particles which grow vertically to the surface of the substrate and 
that the mean crystal width of the titanium carbonitride particles constituting the upper 
titanium carbonitride layer is larger than that of the titanium carbonitride particles 
constituting the lower titanium carbonitride layer. This makes it possible to prevent 
cracks produced in the upper titanium carbonitride layer from expanding throughout the 
lower titanium carbonitride layer and reduce residual stress between the aluminum 
oxide layer and the titanium carbonitride layer to minimize the occurrence of cracks and 
control adhesive force between the both. Thereby, it is possible to increase resistance 
to wear and peeling in the hard coating layer and achieve the most appropriate 
resistance to wear and fracture in a tool as a whole. 

[0030] In this case, desirably, the upper titanium carbonitride layer has a mean crystal 
width W4 of 0-2 to 1.5 ^.m and the ratio (W3/W4) of the mean crystal width W3 in the 
lower titanium carbonitride layer to the mean crystal width W4 of the upper titanium 
carbonitride layer is not more than 0.7. Thereby, it is possible to increase the 
resistance to fracture and chipping of titanium carbonitride crystals themselves, control 
adhesive force to the aluminum oxide layer and enhance the resistance to wear and 
fracture in the hard coating layer as a whole. 

[0031] Provided a general formula: Ti (Ci-mNm) represents the lower titanium 
carbonitride layer and the upper titaniimi carbonitride layer, it is desirable that the lower 
titanium carbonitride layer meets the condition of m=0.55 to 0.80 and the upper 
titanium carbonitride layer meets the condition of m=0.40 to 0.55, This makes it 
possible to prevent cracks produced in the titanium carbonitride layer on the upper part 
of the substrate firom expanding throughout the lower titanium carbonitride layer, 
increase resistance to chipping and fracture in the hard coating layer and maintain high 
wear resistance. 

The surface coated cutting tool of the present invention is provided with the 
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above-mentioned surface coated member. 
Effect of tiie Invention 

[0032] According to the surface coated member according to the present invention, a 
coating layer is composed of at least two layers and the adhesive force between the 
layers and between the coating layer and a substrate is optimized. Thereby, it is 
possible to increase toughness while keeping hardness in a practical range and enhance 
fracture resistance while having practical wear resistance. For instance, when applied 
to a cutting tool, even in an operation where fracture resistance is required, slight 
peeling between the layers or occurrence of cracks absorb an impact, thus making it 
possible to prevent large peeling and the chipping of the entire coating layer. 
Moreover, even if peeling occurs between the layers of the coating layer, the remaining 
lower layer has not only some parts where mean crystal width is very small and 
resistance to wear is high, but also strong adhesive force to the substrate* Therefore, it 
is possible to prevent the progress of wear in the entire coating layer and improve wear 
resistance. In addition, by optimizing the peeling loads Fu and Fl, the coating layer 
shows high wear resistance without peeling, even in such operations as continuous 
cutting that requires wear resistance. 

[0033] According to the other surface coated member according to the present invention, 
the titanium carbonitride layer which is observed at the periphery of the exposed 
substrate in the center of the depression in the Calotest has a lower structure and an 
upper structure. The lower structure has no or few cracks. The upper structure is 
observed at the periphery of the lower structure and has higher density of cracks than 
the lower structure. In other words, cracks axe produced preferentially in the upper 
structure, thereby making it possible to relieve residual stress generated between the 
titanium carbonitride layer and the upper aluminum oxide layer. 

[0034] For that reason, fracture resistance can be increased as a cutting tool. More 
specifically, even if a hard coating layer suddenly receives a large impact under severe 
cutting conditions, continuous cutting conditions or combined cutting conditions of 
interrupted cutting and continuous cutting, it is possible to absorb the impact mainly in 
the upper structure without chipping and firacture in the hard coating layer due to 
occurrence of another large crack. Since the presence of the lower structure of the 
titanium carbonitride layer where cracks are hardly produced prevents the expansion of 
cracks produced in the upper structure, the titanium carbonitride layer undergoes neither 
chipping nor peeling. Consequently, chipping and peeling in the entire hard coating 
layer can be prevented while wear resistance in the entire hard coating layer is 
maintained. Thereby, it is possible to obtain a cutting tool having excellent resistance 
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to chipping and firacture, 

[0035] The cutting tool provided with the above surface coated member in the present 
invention has excellent resistance to fracture, chipping and wcar^ even under severe 
cutting conditions that bring a strong impact on a tool cutting edge such as heavy 
interrupted cutting of metals including gray iron (FC), ductile cast iron (FCD) and other 
cast iron having very hard graphite particles dispersed as well as steel cutting, 
continuous cutting conditions or combined cutting conditions of interrupted cutting and 
continuous cutting. And the tool can have a longer life. 

[0036] The surface coated member of the present invention can be not only applied to 
cutting tools but also used for various applications including slide parts, wear resistant 
parts of molds, excavating tools, such tools as blades and impact resistant parts. Even 
in these applications, it has excellent mechanical reliability. 
Preferred Embodiments for Practicing the Invention 
[0037] (First embodiment) 

The first embodiment of a surface coated cutting tool which is a preferred example of 
the surface coated member of the present invention will be described with reference to 
Fig, 1 and Fig. 2. Fig, 1 is a photograph of the fracture svirface of a coating layer taken 
with a scanning electron microscope (SEM). Fig. 2 is a photograph taken with a 
scanmng electron microscope (SEM), showing the surface where the titanium 
carbonitride layer in a coating layer is coated so as to have a certain thickness. 
[0038] According to Fig. 1, a surface coated cutting tool (hereinafter, referred to simply 
as tool) 1 comprises a substrate 2 (cemented carbide in Fig. 1) and a hard coating layer 
3 having at least two layers that is coated on the surface of the substrate 2. The 
substrate 2 is made of, for example, cemented carbide or cermet wherein hard phases 
are bound with binder phases consisting of an iron group metal such as cobalt (Co) 
and/or nickel (Ni). A hard phase here is composed of, for example, tungsten carbide 
(WC), titanium carbide (TiC) or titanium carbonitride (TiCN) and, if desired, at least 
one selected from the group consisting of carbide, nitride and carbonitride of metals of 
the groups 4a, 5 a and 6a of the periodic table. The substrate 2 can be made of a silicon 
nitride (Si3N4) or aluminum oxide (AI2O3) ceramic sintered body, hard materials such as 
a superhard sintered body mainly composed of cubic boron nitride (cBN) or diamond, 
or such metals as carbon steel, high-speed steel and alloy steel. 

[0039] In the tool 1, the hard coating layer 3 is composed of a lower layer 5 composed 
of at least one layer and coated on the substrate side, and an upper layer 4 composed of 
at least one layer and coated on the surface side of the lower layer 5. When Fu stands 
for a peeling load xmder which the lower surface of the upper layer 4 starts to peel away 
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from the upper surface of the lower layer 5, and Fl stands for a peeling load under 
which the lower surface of the lower layer 5 starts to peel away from the surface of the 
substrate 2, the ratio (Fl/Fu) is 1.1 to 30. 

[0040] Thereby, in operations that require fracture resistance, wear resistance of the 
upper layer 4 which has no problem from a practical viewpoint is ensured, and slight 
peeling and occurrence of cracks in the upper layer 4 absorb an impact, which makes it 
possible to prevent large peeling or chipping of the entire coating layer 3. Furthermore, 
even if the upper layer 4 peels, strong adhesive force between the remaining lower layer 
5 and the substrate contributes to prevention of wear and fracture, allowing the entire 
coating layer 3 to have high fracture resistance. 

[0041] The peeling load of the coating layer 3 can be found out, for example, by 
measuring adhesive force in the scratch test of the coating layer 3. Specifically, in the 
above scratch test, measurement is made by scratching the surface of the coating layer 3 
of the surface coated cutting tool 1 with a diamond indenter under the following 
conditions, 
(hidenter) 

Spherical diamond indenter (diamond stylus) 
Radius: 0.2 mm 
Apex angle: 120- 

(Test conditions) 
Scratch speed: 0.17 mm/second 
Loading rate: lOON/minute (continuous loading) 
(Note that the initial load is adjusted according to a peeling load*) 
Scratch length: 5 mm 

Evaluation: The above scratch track is observed with a microscope. 
In this regard, either of the following locations (1) or (2) is specified; (1) the location 
where the upper layer peels away from the surface of the lower layer under it, that is, 
the upper layer starts to peel and the lower layer starts to be exposed; (2) the location 
where the upper layer breaks down under the load of a diamond indenter exceeding the 
strength of the upper layer itself and the lower layer under it is exposed, that is, the 
upper layer starts to break down and the lower layer starts to be exposed. In other 
words, the boundary point in the scratch track between the area where the upper layer is 
exposed and the area where the lower layer different from the upper layer is exposed is 
specified and the load at this point is figured out. Thereby, it is possible to find out a 
peeling load (Fu) under which the upper layer starts to peel away from the surface of the 
lower layer. 
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[0042] When it is difficult to specify the point only by observing the structure. X-ray 
electron probe micro-analysis or X-ray photoelectron spectroscopy can be used to 
identify the elemental components exposed to the sxuface and specify the peeling load, 
[0043] In the above scratch test, it is desirable in terms of accurate measurement that 
measurement is made on the flat surface of the surface coated member. For example, 
in a cutting tool having a prmcipal sxjrface as rake face and a side surface as flank face, 
like a throv/-away tip being substantially flat plate, a peeling load is measured on the 
flank face which does not form a breaker or a picture pattern. If the flank face has a 
shape that makes it difficult to make measurement, a measured value in a measurable 
part can be substituted. In particular, it is desirable that the substitute part is in a state 
of fired surface where the surface of the substrate is not polished and that it is the part 
where this surface is coated with a coating layer. However, even if the surface of the 
substrate is polished, the present invention does not lose effect. 

[0044] According to the present invention, among many layers in a coating layer, the 
lower layer 5 represents a coating layer which starts to peel away from the substrate 2. 
Basically, in many cases, the lower layer 5 stands for a flj*st coating layer. Howeverj 
for example, when the first coating layer directly on the substrate 2 peels together vwth a 
second coating layer that is coated on the first coating layer, the first and second coating 
layers are viewed as the lower layer 5. Similarly, when three or more layers peel away 
from the substrate 2 at the same time, a multilayer peeling away from the substrate 2 are 
viewed as the lower layer 5, and the peeling load of the lower layer 5 is Fl- 
[0045] As for the upper layer 4, the peeling load of the first upper layer which is 
directly on the lower layer 5, that is, which is located at the bottom layer of the upper 
layer 4, basically stands for the peeling load Fu of the upper layer 4, In this case as 
well, when the first upper coating layer peels together with a second upper coating layer 
in the upper layer 4, the peeling load of the second upper coating layer is the peeling 
load Fu of the upper layer 4. Similarly, when a third upper layer peels together with 
the first upper layer, the peeling load of the third upper layer which peels together with 
the first upper layer is the peeling load Fu of the upper layer 4. In this manner, when a 
multilayer peel together with the first upper layer in the upper layer 4, the peeling load 
of the uppermost layer of the multilayer which peel together with the first upper layer is 
the peeling load Fu of the upper layer 4, In addition, in the stmcture of the upper layer, 
in some cases, before the first upper coating layer peels, the second and higher upper 
coating layers peel imder low load and then the first upper layer is exposed. However, 
in the present invention, the peeling load of the second and higher upper coating layers 
like this case is not the peeling load Fu of the upper layer. 
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In short, a coating layer having the largest peeling load among coating layers in the hard 
coating layer 3 is the lower layer 5 and the peeling load of the lower layer 5 is the 
peeling load Ft. A coating layer having the second largest peeling load among coating 
layers in the hard coating layer 3 is the upper layer 4 and the peeling load of the upper 
layer 4 is the peeling load Fu* 

[0046] According to the structure of Fig. 1, it is highly probable that the upper layer 4 is 
an aluminum oxide layer and that the lower layer 5 is a titanium carbonitride layer. 
For this reason, in the following description based on Fig. 1 , the upper layer 4 is viewed 
as an aluminum oxide layer 4 and the lower layer 5 is viewed as a titanium carbonitride 
layer 5. The tool 1 having such structure has practical structure in terms of resistance 
to wear and fracture. 

[0047] In order for the coating layer 3 to have a highly wear resistant structure without 
peeling during operations that require wear resistance, the above ratio (Fi/Fu) is 
especially desirably L2 to 10. Furthermore, in order to ensure practical wear 
resistance as a cutting tool and improve fracture resistance, the above ratio (Fl/Fu) is 
more desirably 1.5 to 5. 

[0048] That is, in the structure of Fig. 1, by controlling the ratio of the peeling load Fl 
under which the titanium carbonitride layer 5 peels away from the substrate 2 to the 
peeling load Fu of the alimiinum oxide layer 4 within the above specific range, it is 
possible to optimize fracture resistance, more preferably, wear resistance in the coating 
layer 3 and ftirther preferably to unprove the fracture resistance of a cutting tool while 
ensuring practical wear resistance as a cutting tool. 

[0049] Moreover, according to the structure of Fig. 1, it is desirable in terms of 
improving the fracture resistance of a member that the peeling load Fu of the aluminum 
oxide layer 4 is 10 to 75N and the peeling load Fl of the titanium carbonitride layer 5 is 
not less than SON. In particular, it is more desirable in terms of increasing the wear 
resistance of a member that the peeling load Fu of the aluminum oxide layer 4 is 20 to 
60N and the peeling load Fl of the titanium carbonitride layer 5 is not less than lOON. 
It is fiirther desirable in terms of ensuring practical wear resistance as a cutting tool and 
improving fracture resistance that the peeling load Fu of the aluminum oxide layer 4 is 
30 to 45N and the peeling load Fl of the titanium carbonitride layer 5 is not less than 
HON. 

[0050] In observing the stmcture of the coating layer 3, it is desirable in terms of surely 
controlling the adhesive force of the coating layer 3 that interface roughness R in the 
lower surface (interface) of the aluminum oxide layer 4 (upper layer) where peeling or 
breakdown start between the layers of the coating layer is 0.5 to 3 \im. 
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[0051] The interface roughness R can be found out from the irregular shape of the 
interface, based on the method of arithmetical mean surface roughness (Ra). 
Specifically, surface roughness R in the present invention is defined as a value which is 
figured out based on the method specified in JIS B 0601-2001 (IS04287-1997) to 
calculate arithmetical mean surface roughness (Ra), considering the irregular shape 
traced on the lower surface of the upper layer 4 as surface shape, 

[0052] In order to control the peeling loads of the upper layer 4 and the lower layer 5 
and increase fracture resistance, it is desirable that the film thickness tu of the upper 
layer 4 is 2.0 to 10.0 pim and the film thickness tL of the lower layer 5 is 3.0 to 12.0 jim. 
By setting film thickness to the above-mentioned, the effect of improving the wear 
resistance of the tool 1 is obtained. 

[0053] In Fig. 1, when viewed from a cross-sectional direction vertical to the film 
surface, the titanium carbonitride layer 5 is composed of colunmar titanium carbonitride 
crystals which grow vertically to the surface of the substrate 2, To control peeling 
load, it is desirable that the mean crystal width of the aluminum oxide layer 4 side is 
larger than that of the substrate 2 side in the columnar titanium carbonitride crystals* 
[0054] To adjust both the adhesive force between the upper layer 4 and the lower layer 
5 and the adhesive force between the substrate 2 and the lower layer 5 and control 
peeling load to prevent chipping, it is desirable that the mean crystal width wi on the 
substrate 2 side is 0.05 to 0,7 jun and the ratio (wi/w2) of the mean crystal width wi on 
the substrate 2 side to the mean crystal width W2 of the columnar titanium carbonitride 
crystals on the aluminum oxide layer 4 side is not more than 0.7, 

[0055] The above mean crystal width is specifically measured under the following 
condition: Wi is considered as the mean crystal width of the titanium carbonitride layer 
5 at a position (height hi and line B where a crystal width w cuts across a small area by 
nucleation) 1 (j,m away from the interface between the titanium carbonitride layer 5 and 
the substrate 2 toward a vertical direction to the interface; and W2 is considered as the 
mean crystal width at a position (hi and line A) 0.5 jxm away from the interface between 
the titanium carbonitride layer 5 and the aluminum oxide layer 4 vertically toward the 
substrate 2. 

[0056] In order to prevent films from peeling and maintain wear resistance, it is 
deshable that the total film thickness of the titanixim carbonitride layer 5 (in Fig. 1, a 
titanium carbonitride lower layer 6 and a titanium carbonitride upper layer 7) is 5 to 15 
juim when the titanium carbonitride layer 5 has a multilayer structure. Furthermore, in 
order to keep wear resistance, especially wear resistance to cast iron, and adhesion 
resistance and to increase fi^cture resistance, it is desirable that the film thickness of the 
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aliraiinum oxide layer 4 is 2 to 8 |j.m* 

[0057] Desirably, the titanium carbonitride layer 5 is composed of two or more layers 
including the titanium carbonitride lower layer 6 which is located at the substrate 2 side 
and has a small mean crystal width and the titanium carbonitride upper layer 7 which is 
located at the aluminum oxide layer 4 side and has a large mean crystal width, in order 
to effectively stop the expansion of cracks occurring on the aluminum oxide layer 4 side 
and to further increase fracture resistance. 

[0058] In this case, from the viewpoint of optimizing wear resistance and fracture 
resistance in the tool 1, it is desirable that the film thickness ti of the titanium 
carbonitride lower layer 6 is 1 to 10 jam, the film thickness ti of the titanium 
carbonitride upper layer 7 is 1 to 5 jLim and the relation of 1< t\/ 12 < 5 is satisfied. 
[0059] Desirably, when viewed from the surface direction, the titanium carbonitride 
lower layer 6 is composed of the aggregate of acicular titanium carbonitride particles 
(hereinafter^ referred to as fine titanium carbonitride particles 8a) and the fine titanium 
carbonitride particles 8a respectively grow in a random direction in relation to the 
surface direction of the titanium carbonitride lower layer 6. This makes it possible to 
increase the effect of deflecting cracks in the titanium carbonitride lower layer 6 and 
prevent cracks from expanding in the depth direction of the titanium carbonitride layer 5* 
And this is desirable in terms of improving fracture resistance without causing chipping 
and layer peeling in the titaniimi carbonitride layer 5. 

[0060] It is desirable from the viewpoint of preventing cracks form expanding and 
increasing fracture resistance that the fine titanium carbonitride particles 8a have an 
average aspect ratio of not less than 2 when the titanium carbonitride layer 5 is observed 
from the surface direction. Particularly, in order to increase the effect of facilitating 
crack deflection and increase fracture resistance more effectively, the average aspect 
ratio is more desirably not less than 3 and much more desirably not less than 5. 
[0061] The fine titanium carbonitride particles 8a of the titanium carbonitride layer 5 
grow in a direction vertical to the film surface (that is, the substrate surface). It is 
desirable in order to increase impact absorption that the fine titanium carbonitride 
particles 8a are columnar crystals having an average aspect ratio of not less than 3, 
preferably not less than 5 when observed form a cross-sectional direction. In 
particular, it is desirable in order to increase the hardness of the titanium carbonitride 
layer 5 itself and improve wear resistance that the average aspect ratio is not less than 8 
and preferably not less than 10, 

[0062] Taking into consideration the observations in cross-sectional and surface 
directions, the fine titanium carbonitride particles 8a in the titanium carbonitride layer 5 
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are projected to be plate-like crystals. The aspect ratio of particles (the above fine 
titanium carbonitride particles 8a) can be estimated by calculating the maximum value 
of the length ratio of [the length of a short axis orthogonal to a long axis] to [that of the 
long axis] in each particle and averaging the aspect ratio of each titanium carbonitride 
particle existing in one field of view. In observing the cross-sectional structure, the 
coating layer 3 may be composed of mixed crystals containing not more than 30 area % 
of particulate titanium carbonitride crystals, 

[0063] When observing the structure of the titanium carbonitride particles 8 in a surface 
direction and measuring the average aspect ratio, if the uppermost surface is a titanium 
carbonitride layer (hereinafter, referred to as fine titanium carbonitride layer 5a) 
composed of the above plate-like titanium carbonitride particles 8a, as shown in Fig. 2 
(a), the surface can be observed with a SEM. On the other hand, if there is another 
layer on the surface of the fine titanium carbonitride layer 5a, it is effective to perform 
polishing so that only a certain part of the coating layer 3 can remain and subsequently 
to observe the polished part, for example, at a high resolution image (x5000 to 
X200000) with a transmission electron microscope (TEM). Even if the coating layer 3 
is a multilayer coating layer wherein other hard layers are coated on the upper surface of 
the fine titanium carbonitride layer 5a, this method makes it possible to ensure that the 
structure of the fine titanium carbonitride particles 8a can be checked from a surface 
direction. 

[0064] Li addition, when observing the structure in a cross-sectional direction and 
measuring the average aspect ratio, it is possible to conduct measurement by fracturing 
or grinding the tool 1 in a direction vertical to the surface of the substrate 2 and 
observing the fracture surface or the grinding surface, for example, at a high resolution 
image (x3000 to x50000) with a scanning electron microscope (SEM). 
[0065] Fig. 2 is a scamiing electron micrograph of the surface where a fine titanium 
carbonitride layer is coated. As shown in Fig, 2 (a), it is desirable that the fine 
titanium carbonitride particles 8a have an average long axis length of not more than 1 
Jim when the fine titanium carbonitride particles 8a of the fine titanium carbonitride 
layer 5a is observed fix>m the surface, because it is possible to achieve the effect of 
deflecting cracks that have occxirred in the fine titanium carbonitride layer 5a and 
preventing cracks fix)m expanding and to improve the strength of the coating layer 3 
itself and increase fracture resistance* 

[0066] Unlike the structure of the fine titanium carbonitride layer 5a, for example, as 
shown in Fig* 2 (b), in the titanium carbonitride upper layer 7, titanium carbonitride 
particles 8b desirably have an average length of not less than 1 |xm so as to control 
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adhesive force to the aluminum oxide layer 4 and the peeling load Fu of the upper layer. 
In this case, the aspect ratio of the titanium carbonitride particles 8b may be not more 
than 2 but desirably 2 to 5 in order to improve adhesive force to the alimiinum oxide 
layer 4. 

[0067] The above aluminum oxide layer desirably has a(alpha)-type crystal struclxire so 
as to keep structurally stable and maintain excellent wear resistance even at high 
temperature. Conventionally, aluminxim oxide having a(alpha)-type crystal structure 
has excellent wear resistance, but the problem is that large-sized nucleus produced 
during nucleation narrow the contact area with the titanium carbonitride layer 5 and 
weaken adhesive force^ thereby easily causing film peeling. However, since the above 
structural adjustment makes it possible to control the adhesive force between the 
aluminum oxide layer 4 and the lower layer 5 that is a titanium carbonitride layer within 
a specific range, even the aluminum oxide layer 4 having a(alpha)-type crystal structure 
can obtain enough adhesive force. Therefore, it is possible to obtain adhesive force, 
without being deteriorated, in the aluminum oxide layer 4 composed of aluminum oxide 
having a(alpha)-type crystal structure and excellent wear resistance, thereby obtaining 
the tool 1 which has a longer tool life. It is also possible to adjust the adhesive force of 
the aluminum oxide layer 4 by letting some part of aluminum oxide crystals have 
K(kappa)-type crystal structure, not a(alpha)-type crystal structure, that is, by making 
the crystal structure of the aluminum oxide layer 4 the mixed crystals of a(alpha)-type 
crystal structure and K(kappa)-type crystal stmcture. 

[0068] Moreover, at least one of a surface layer coated on the uppermost surface of the 
upper layer, a middle layer coated on the bottommost surface of the upper layer and a 
base layer coated on the surface of the substrate in the lower layer are preferably a 
coating layer composed of one or more layers (hereinafter, referred to as another 
Ti-based coating layer) selected from the group consisting of TiN layer, TiC layer, 
TiCNO layer, TiCO layer and TiNO layer. 

Specifically, as shown in Fig. 1, a base layer 10 composed of TiN having 0.1 to 2 |j,m 
thick is formed between the substrate 2 and the titanium carbonitride layer 5 to improve 
the adhesive force of the titanium carbonitride layer 5 and prevent wear resistance from 
deteriorating due to diffusion of substrate components. The base layer 10 peels 
together with the titanium carbonitride layer 5 since it is thin and has strong adhesive 
force to the titanium carbonitride layer 5. In some cases, carbon diffuses fix)m the 
substrate 2 or the titanium carbonitride layer 5 and then TiN layer that is a base layer is 
absorbed into the titanixmi carbonitride layer 5 and disappears. Therefore, when the 
scratch strength of the titanium carbonitride layer 5 of the tool 1 in the structure of Fig. 
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1 is measured, in many cases, the titanium carbonitride layer 5 and the base layer 10 
start to peel together. In this case, the substrate 2 comes to be exposed at the time 
when the titanium carbonitride layer 5 starts to peeL 

[0069] When the aluminum oxide layer 4 has a(alpha)-type crystal structure, it is 
desirable in order to allow a(alpha)"type crystal structure to grow stably that a middle 
layer 1 1 having a thickness of not more than 1 fxm, which is any of TiCO layer, TiNO 
layer and TiCNO layer, is formed between the titanium carbonitride layer 5 and the 
aluminum oxide layer 4. Especially, the thickness of not more than 0.5 juun is desirable 
to easily control the adhesive force of the aluminum oxide layer 4 (coating layer of the 
upper layer). 

[0070] Desirably, when a surface layer 12 composed of TiN is coated on the upper layer 
of the aluminum oxide layer 4, that is, the surface of the hard coating layer 3, a tool is 
colored gold. This makes it easy to judge whether the tool is used or not from the wear 
of the surface layer 12 when using the tool 1, and also makes it possible to easily check 
the progress of wear. Furthermore, the surface layer 12 is not limited to TiN layer and, 
in some cases, DLC (diamond-like carbon) layer or CrN layer is coated to enhance 
tribology property. The thickness of TiN layer constituting the surface layer 12 is 
desirably not more than 1 |im. In order to make it easy to visually check the status of 
use, it is also desirable that the peel strength of the surface layer 12 is smaller than that 
of the aluminum oxide layer 4. 

[0071] As above, when another Ti-based coating layer as middle layer is formed 
between the titanium carbonitride layer and the aluminum oxide layer, the middle layer 
peels together with the aluminum oxide layer* Moreover, the TiN layer coated as 
surface layer on the upper surface of the aluminum oxide layer peels under lower load 
than the peeling load of the aluminum oxide layer, hi this case, the peeling load Fu of 
the upper layer 4 is the peeling load of the alxmiinum oxide layer. 

[0072] At least one of the titanium carbonitride layer and the aluminum oxide layer may 
be composed of two or more layers, and a layer selected from the group consisting of 
TiN layer, TiC layer, TiCNO layer, TiCO layer and TiNO layer may be formed between 
the respective layers of the two or more layers constituting the titanium carbonitride 
layer and/or the aluminum oxide layer. Such a structure enables a member to have 
much better fracture resistance^ 
[0073] (Manufacturing method) 

The method for manufacturing a surface coated cutting tool according to this 
embodiment will be next described. First, metal powder, carbon powder and the like 
are properly added to and mixed with inorganic powder such as metal carbide, nitride. 
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carbonitride and oxide that can form the aforementioned hard alloy by sintering, and 
then molded into a predetermined tool shape through a well-known method such as 
press molding, slip casting, extrusion molding and cold isostatic pressing. 
Subsequently, through sintering in vacuum or in non-oxidation atmosph^e, the 
substrate 2 composed of the aforementioned hard alloy is prepared. If desired, 
polishing is performed on the surface of the substrate 2 and honing is performed on the 
cutting edge part. 

[0074] Regarding the surface roughness of the substrate 2, from the viewpoint of 
controlling the adhesive force of the coating layer, the particle size of raw material 
powder, the molding method, the sintering method and tiie processing method are 
controlled so that the arithmetical mean surface roughness (Ra) on the rake face can be 
0*1 to L5 \xm and the arithmetical mean surface roughness (Ra) on the flank face can be 
0.5 to 3,0 i^m. 

[0075] Then, the coating layer 3 is coated on the surface, for example, through chemical 
vapor deposition (CVD) method. First, setting the conditions inside a reactor 
(chamber) to 800 to lOOO^'C and 10 to 30 kPa, a mixed gas composed of 0.1 to 10 
vol. % of titanium chloride (TiCU) gas, 0 to 60 vol. % of nitrogen (N2) gas and 
hydrogen (H2) gas for the rest as reactive gas composition is adjusted and introduced 
into the reactor to form TiN layer as base layer. 

[0076] Next, for example, another mixed gas composed of 0.1 to 10 vol. % of titanium 
chloride (TiCLf) gas, 0 to 60 vol. % of nitrogen (N2) gas, 0 to 0.1 vol. % of methane 
(CH4) gas, 0.1 to 0-4 vol. % of acetonitrile (CH3CN) gas and hydrogen (H2) gas for the 
rest as reactive gas composition is prepared and introduced into a reactor, and the 
titanium carbonitride layer 5 is coated at a film coating temperature of 780 to 880*^C and 
5 to 25 kPa. 

[0077] Regarding the above film coating conditions, by adjusting the percentage of 
acetonitrile gas in the reactive gas to 0.1 to 0.4 vol. %, it is possible to surely grow the 
stmcture of the fine titanium carbonitride particles 8a in the fine titanium carbonitride 
layer 5a in the aforementioned range. As for the above film coating temperature, a 
temperature of 780 to 880*^C is desirable to form the fine titanium carbonitride layer 5a 
composed of the fine titanium carbonitride particles 8a which are columnar in 
cross-sectional observation and acicular in surface observation. 

[0078] In this embodiment, the percentage of acetonitrile (CH3CN) gas in the reactive 
gas used in the second stage of coating the titanium carbonitride layer (when the 
titanium carbonitride upper layer is coated) is made larger than that of CH3CN in the 
reactive gas used in the first stage of coating the titanium carbonitride layer (when the 
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titanium carbonitride lower layer is coated). Thereby, the mean crystal width of 
titanium carbonitride particles in the titanium carbonitride upper layer is made larger 
than that in titanium carbonitride lower layer. Specifically, the percentage of 
acetonitrile gas introduced in the second stage of coating the titanium carbonitride layer 
is not less than 1.5 times as much as the percentage of acetonitrile gas used in the first 
stage of coating the titanium carbonitride layer, thereby enabling reliable control. 
[0079] Regarding the above film coating conditions, in the growth process of columnar 
titanium carbonitride crystals, the percentage (Va) of CH3CN (acetonitrile) gas is 
controlled to 0.1 to 3 vol. % and controlled to a low concentration so that the ratio 
(VaA^h) of the percentage (Va) of CH3CN gas to the percentage (Vh) of H2 gas as 
carrier gas can be 0.03 or less. This enables fine nucleus to be produced and the 
adhesive force of the titanium carbonitride layer to be improved. 

[0080] Regarding the above film coating conditions, when the percentage of acetonitrile 
(CH3CN) gas in the reactive gas is less than 0.1 vol, %, titanium carbonitride crystals 
cannot grow to columnar crystals and they become partictdate crystals. Conversely, 
when the percentage (Va) of CH3CN gas in the reactive gas is more than 3 vol. %, the 
mean crystal width of titanium carbonitride crystals is enlarged, making it impossible to 
control the ratio. 

[0081] In addition, when the titanium carbonitride upper layer is coated, the amount of 
introduced CH3CN gas in the reactive gas is changed as mentioned above and, if desired, 
a film coating temperature is adjusted. This makes it possible to set the mean crystal 
width of titanium carbonitride crystals to a predetermined structure. 
[0082] Next, if desired, a middle layer may be coated* For example, when TiCNO 
layer is coated as the middle layer 11, a mixed gas composed of 0.1 to 3 vol. % of 
titanium chloride (TiCU) gas, 0.1 to 10 vol. % of methane (CH4) gas, 0.01 to 5 voL % of 
carbon dioxide (CO2) gas, 0 to 60 vol. % of nitrogen (N2) gas and hydrogen (H2) gas for 
the rest is prepared and introduced into a reactor. The inside of the reactor is set at 800 
to 1 lOO^C and 5 to 30 kPa. 

[0083] Then, the aluminum oxide layer 4 is coated. A desirable method for coating the 
aluminum oxide layer 4 is to use a mixed gas composed of 3 to 20 vol. % of aluminimi 
chloride (AICI3) gas, 0.5 to 3,5 vol. % of hydrogen chloride (HCl) gas, 0.01 to 5*0 
vol. % of carbon dioxide (CO2) gas, 0 to 0.01 vol. % of hydrogen sulfide (H2S) gas and 
hydrogen (H2) gas for the rest and set a temperature to 900 to 1 100°C and a pressure to 
5 to lOkPa. 

[0084] To form the surface layer (TiN layer) 12, a mixed gas composed of 0.1 to 10 
vol. % of titanium chloride (TiCU) gas, 0 to 60 vol. % of nitrogen (N2) gas and 
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hydrogen (H2) gas for the rest as reactive gas composition is prepared and introduced 
into a reactor. The inside of the reactor may be set at 800 to 1 1 OO'^C and 50 to 85 kPa, 
[0085] At this time, in addition to the aforementioned method, after the coating layer 3 
is formed through the above chemical vapor deposition method, a cooling rate to 700*^C 
in the reactor is set to 12 to 30^C /minute. Thereby, it is possible to control the 
adhesive force of the upper layer 4 and the lower layer 5 in the above specific range. 
[0086] If desired, at least the cutting edge part on the surface of the coating layer 3 is 
polished. This polishing process relieves residual stress remaining in the coating layer 
3 and provides a tool with better fracture resistance. 

[0087] The present invention is not limited to the above embodiment. For example-, as 
a matter of course, the upper layer 4 and/or the lower layer 5 may be a single layer. 
Also, the above description illustrates the case of using chemical vapor deposition 
(CVD) method as film coating method, but physical vapor deposition (PVD) method 
may be used to form a part of the coating layer or the entire coating layer. 
[0088] For example, through ion plating method, the upper layer 4 and the lower layer 5 
can be combined as a structure of TiAlN layer-TiCN layer, a structure of TiCrN 
layer-TiAlN layer, a structure of DLC layer-CrSiBN layer or the like. By controlling 
the adhesive force of each layer in the above range, it is possible to manufacture a 
surface coated member which has not only good resistance to fracture and wear but also, 
in some cases, is excellent in tribology property, reaction resistance to work materials or 
slided materials and appearance* 
[0089] (Second embodiment) 

The second embodiment of a surface coated cutting tool which is a good example of the 
surface coated member of the present invention will be described with reference to Fig. 

3 and Fig. 4, Fig, 3 is a metallographic microscope image of a depression in Calotest. 
Fig. 3 (a) shows this embodiment and Fig. 3 (b) shows a comparative example. Fig. 4 
is a photograph of the cutting surface including a hard coating layer taken with a 
scanning electron microscope (SEM). Since the basic film structure of Fig. 4 is 
identical to Fig. 1, some parts overlapping the first embodiment are identified by the 
same reference numerals as in Fig. 1 and their description is omitted. 

[0090] According to Fig. 3 and Fig. 4, a surface coated cutting tool (hereinafter, referred 
to simply as tool) 21 comprises a substrate 2 and a hard coating layer 23 formed on the 
surface of the substrate 2 through chemical vapor deposition (CVD) method. 
[0091] According to this embodiment, as shown hi Fig, 4, the hard coating layer 23 
comprises at least a titanium carbonitride (TiCN) layer 24 and an aluminum oxide layer 

4 as its upper layer. In Fig. 3, a depression 27 of Calotest is observed, for example, at 
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a magnification of 40 to 500 (at a magnification of 50 in Fig. 3) with a metallographic 
microscope or a scanning electron microscope (with a metallographic microscope in Fig. 
3). 

[0092] Calotest provided as an evaluation item of the present invention is as follows. 
As shown in Fig. 5, putting a hard ball 33 made of metal or cemented carbide on the 
surface of the tool 21, namely, the surface of the hard coating layer 23, a support rod 34 
that supports the hard ball 33 is rotated and the hard ball 33 is rolled. Thereby, the tool 
21 is partially worn down and the hard coating layer 23 is wom down to a spherical 
surface so that the substrate 2 can be exposed at the center of the depression 27 as 
shown in Fig. 3. In general, Calotest is a method for estimating the thickness of each 
layer by observing the width of each layer of the hard coating layer 23 observed in the 
depression 27. 

[0093] According to the present invention, the depression 27 of the above Calotest is 
obtained by wearing down the hard coating layer 23 to a spherical surface so that the 
substrate 2 can be exposed at the center of the depression 27, It is found that the 
conditions and characteristics of the hard coating layer 23 can be evaluated by 
observing each layer in terms of wear, peeling expansion of cracks 25 in each layer of 
the hard coating layer 23 included in the depression 27, 

[0094] According to the present invention, in observing the depression 27 of Calotest, 
as shown in Fig, 3 (a), the titanium carbonitride layer 24 which is observed at the 
periphery of the substrate 2 exposed at the center of the depression 27 has a lower 
structure 31 and an upper structure 32. The lower structure 31 has no or few cracks. 
The upper structure 32 is observed at the periphery of the lower structure 31 and has 
higher density of cracks than the lower structure 3 1 , 

[0095] In the present invention, variations in the density of cracks can be quantified by 
the niimber of cracks, the average size of each exposed part surrounded by cracks, the 
crack spacing and the like. For example, a method for quantifying variations in the 
density of cracks by average crack spacing will be described with reference to Fig* 3. 
As shown in Fig. 3, when observing the surface of the depression in a metallographic 
micrograph after wear in Calotest, cracks 25 are observed in the titanium carbonitride 
layer 24 that is observed at the periphery of the substrate exposed at the center of the 
depression. As for the cracks 25, the average crack spacing in the present invention 
represents an average distance between cracks when a given line L is drawn in a 
photograph, based on a basic idea of intercept method. 

Specifically, first, a given circle c is drawn in a photograph and the number of cracks 25 
on the circumference of the circle c is observed. The length obtained by dividing a 
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circumferential length L by the number of cracks 25 on the above circumference stands 
for the average crack spacing (average distance between cracks). 

[0096] Moreover, in order to increase the adhesive force between the titanium 
carbonitride layer 24 and the aluminum oxide layer 4 and inhibit the crack expansion of 
the titanium carbonitride layer 24 itself, it is desirable that the ratio (y/x) of an average 
crack spacing y observed in the upper structure 32 to an average crack spacing x 
observed in the lower structure 3 1 of the titanium carbonitride layer 24 is not more than 
0.5. When the lower structure 31 has no cracks, calculations are made on the basis of 
x=infinity and y/x=0* The average crack spacing in the lower structure 31 may be not 
less than 80 ^im, 

[0097] In the tool of tliis embodiment, even if a large impact is suddenly brought on the 
hard coating layer 23, thanks to the above structure, cracks 25 occur preferentially in the 
upper structure 32 that is the surface side of the titanium carbonitride layer 24. 
Thereby, stress is relieved and the impact can be absorbed without chipping and fracture 
in the hard coating layer 23 caused by another large crack. By contrast, in a 
conventional tool, peeling occurs in the interface part where residual stress is caused by 
the difference in thermal expansion coefficient between the aluminum oxide layer and 
the titanium carbonitride layer during cooling after coating. Furthermore, in this 
embodiment, the presence of the lower structure 3 1 of the titanium carbonitirde layer 24 
where cracks 25 are hardly produced prevents the expansion of cracks 25 produced in 
the upper structure 32 and therefore neither chipping nor peeling occurs in the titanium 
carbonitride layer 24. Consequently, chipping and peeling in the entire hard coating 
layer 23 can be prevented and wear resistance in the entire hard coating layer 23 can be 
improved. Thereby, it is possible to obtain the tool 21 having good resistance to 
fracture and chipping. 

[0098] Namely, in the observation of the depression 27, if there are no cracks 25 in tlie 
upper structure 32 of the titanium carbonitride layer 24, residual stress between the 
titanium carbonitride layer 24 and the aluminum oxide layer 4 cannot be relieved. If a 
large impact is brought on the hard coating layer 23, large cracks 25 expand at a stretch 
in either or both of the titanium carbonitride layer 24 and the aluminum oxide layer 4, 
and large chipping and sudden fracture are apt to occur in the hard coating layer 23. 
[0099] As shown in Fig. 3 (b), when cracks 25 are produced at the same rate in the 
entire titanium carbonitride layer 24, namely, when cracks are equally spaced 
throughout the titanium carbonitride layer 24, cracks caused by residual stress with the 
aluminum oxide layer 4 that have been underlying since before cutting or cracks 25 
caused by an impact during cutting promptly expand throughout the titanium 
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carbonitride layer 24. In this case as well, chipping and fracture easily occur in the 
hard coating layer 23. 

[0100] If the part where the substrate 2 is exposed is too large or too small, in some 
cases, it may be impossible to precisely observe cracks 25 in the titanium carbonitride 
layer 24. Therefore, the wear conditions of Calotest (e.g. time, type of a hard ball, 
abrading agent) may be adjusted so that the diameter of the substrate 2 exposed in the 
depression 27 can be 0,1 to 0.6 times as large as the diameter of the entire depression 
27. 

[0101] In the observation of the depression of Calotest^ it Is desirable that the relational 
expression x/y of an average crack spacing x observed in the upper structure of the 
titanium carbonitride layer 24 to an average crack spacing y observed in the lower 
structure 31 is not more than 0.5, in particular, not more than 0.2, This makes it 
possible to optimize a production rate of cracks in the titanium carbonitride layer 24, 
This also makes it possible to increase adhesion between the titanium carbonitride layer 
24 and the aluminum oxide layer 4 and inhibit the crack expansion of the titanium 
carbonitride layer 24 itself. As a result, resistance to chipping and fracture is improved 
in the entire hard coating layer 23 and wear resistance is maintained in the tool 2 1 . 
[0102] In addition, a crack spacing in the lower structure 31 is desirably not less than 80 
|im, especially, not less than 100 jim and more desirably not less than 150 jmi, because 
the lower structure 31 of the titanium carbonitride layer 24 has a structure that hardly 
allows cracks to expand, which leads to increased strength in the titanium carbonitride 
layer 24 and improved resistance to fracture and chipping in the entire hard coating 
layer 23. 

[0103] According to Fig. 4 showing a scanning electron microscope image in the 
fracture surface of the tool 21 of Fig. 3^ the titanium carbonitride layer 24 comprises a 
multilayer, namely, a lower titanium carbonitride layer 35 and an upper titanium 
carbonitride layer 36. The lower titanium carbonitride layer 35 is observed at the 
periphery of the substrate 2 exposed at the center of the depression 27 and has no cracks 
or v^de average crack spacing. The upper titanium carbonitride layer 36 is observed 
around the lower titanium carbonitride layer 35 and has narrower average crack spacing 
than the lower titanium carbonitride layer 35. Thanks to this structure, it is possible to 
effectively prevent cracks 25 produced in the upper part of the titanium carbonitirde 
layer 24 from expanding and reaching the bottom part and to surely prevent chipping 
and fracture in the hard coating layer 3. 

[0104] Desirably, the upper titanium carbonitride layer 36 has a film thickness U of 0.5 
|im < t4< 5 pm, the lower titanium carbonitride layer 35 has a fihn thickness ts of 1 pm 
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< t3 < 10 p,m and the relation of 1 < t^/U < 5 is satisfied, because this makes it possible to 
prevent cracks 25 of the titanium carbonitride layer 24 itself from expanding while 
increasing adhesion between the titanium carbonitride layer 24 and the aluminum oxide 
layer 4 and to prevent chipping and fracture and maintain high wear resistance in the 
entire tool 21 while increasing impact resistance in the entire hard coating layer 23. 
[0105] As shown in Fig. 4, titanium carbonitride particles in the titanium carbonitride 
layer 24 grow in a direction vertical to the surface of the substrate 2 and have a 
columnar structure. The upper titanium carbonitride layer 36 has a columnar structure 
where the mean crystal width W4 of titanium carbonitride particles is large and the lower 
titanium carbonitride layer 35 has a columnar structure where the mean crystal width W3 
of titanium carbonitride particles is small. This makes it possible to prevent cracks 25 
produced in the upper titanium carbonitride layer 36 from expanding through the lower 
titanium carbonitride layer 35 and to control adhesive force between the aluminimi 
oxide layer 4 and the titanium carbonitride layer 24 while reducing residual stress 
between the both and mtcdmizing the occurrence of cracks. This is desirable because 
resistance to wear and peeling can be enhanced in the hard coating layer 23 and 
resistance to wear and fracture can be optimized in the entire tool 2 1 . 
[0106] Herein, the titanium carbonitride particles having a columnar structure which 
grow in a direction vertical to the surface of the substrate 2 represent a crystal structure 
wherein the ratio: [a crystal length in a direction vertical to the interface with the 
substrate 2] /[a mean crystal width], namely, the aspect ratio is not less than 2. In the 
observation of a structure in the cutting surface as shown in Fig. 4, the hard coating 
layer 23 may be mixed crystals containing not more than 30 area % of particulate 
titanium carbonitride crystals. 

[0107] In this case, desirably, the mean crystal width W4 in the upper titanium 
carbonitride layer 36 of the titamum carbonitride layer 24 is 0.2 to 1.5 |j,m, in particular, 
0.2 to 0.5 ^m, and the ratio (W3/W4) of the mean crystal width W3 in the lower titanium 
carbonitride layer 35 to the mean crystal width W4 in the upper titanium carbonitride 
layer 36 is not more than 0.7, in particular, not more than 0.5. This is because 
resistance to fracture and chipping can be enhanced in the titanitim carbonitride layer 24 
itself and resistance to wear and fracture can be also enhanced in the entire hard coating 
layer 23 by controlling the adhesive force to the aluminum oxide layer 4. 
[0108] The method for measuring the mean crystal width of titanium carbonitride 
particles composed of columnar crystals in the present invention is as follows. The 
cross-sectional surface including the hard coating layer 23 is observed through a 
scanning electron micrograph. A straight line is drawn parallel to the interface 
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between the substrate 2 and the hard coating layer 23 in the region of each height of the 
titanium carbonitride layer 24 (see line segments C and D in Fig. 4), The mean crystal 
width w is obtained by dividing an average value of width of each particle in this line 
segment, namely, length of line segment by the number of grain boxmdaries cutting 
across the line segment. 

[0109] When the titanium carbonitride layer 24 (the lower titanium carbonitride layer 
35 and the upper titanium carbonitride layer 36) is represented by Ti (Ci-mNm), it is 
desirable that m is 0.55 to 0.80 in the lower titanium carbonitride layer 35 and that m is 
0,40 to 0.55 in the upper titanium carbonitride layer 36^ because it is possible to prevent 
cracks produced in the upper titanium carbonitride layer 36 from expanding through the 
lower titanium carbonitride layer 35 and increase resistance to chipping and fracture in 
the hard coating layer 23. 

[0110] As in the first embodiment, as a bottom layer 10 between the substrate 2 and the 
titanium carbonitride layer 24, as a middle layer 1 1 between the titanium carbonitride 
layer 24 and the aluminum oxide layer 4, as a titatiium carbonitride interlayer (not 
shown in drawings) between the layers constituting the titanium carbonitride layer 24 
being multilayer, and as a surface layer 12 on the upper layer of the aluminum oxide 
layer 4 , at least one layer selected from the group consisting of titanium nitride (TiN) 
layer, titanixmi carbide (TiC) layer, titanium oxycarbonitride (TiCNO) layer, titanium 
oxycarbide (TiCO) layer and titanium oxynitride (TiNO) layer may be coated. 
Thereby, it is possible to prevent the components of the substrate 2 from diffijsing, 
increase adhesive force between the respective layers of the hard coating layer 23 and 
control the structure, crystal structure, adhesive force and occurrence of cracks of the 
titanium carbonitride layer 24 and the aluminum oxide layer 4. In particular, it is 
preferable that a titanium nitride layer is coated as the bottom layer 10. 
[0111] (Manufacturing method) 

Next, the method for manufacturing a surface coated cutting tool according to the 
second embodiment mentioned above will be described. Basically, the same 
manufacturing method as in the first embodiment can be applied^ 

It should be noted in this embodiment that in the first stage of coating the titanium 
carbonitride layer (when the lower titanium carbonitride layer 35 is coated), the 
temperature inside a reactor is set to 800 to 840°C and that in the second stage of 
coating the titanium carbonitride layer (when the upper titaniimi carbonitride layer 36 is 
coated), the temperature inside a reactor is set to 860 to 900°C and the percentage of 
acetonitrile (CH3CN) gas in the reactive gas to be used is larger than that of CH3CN gas 
used in the first stage of coating the titanium carbonitride layer. This enables the 
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upper titanium carbonitride layer 36 to have higher density of cracks than the lower 
titanium carbonitride layer 35, 

[Oil 2] After a hard coating layer is coated through chemical vapor deposition method, a 
cooling rate to 700°C in a reactor is controlled at 12 to 30°C /minute so that given 
cracks in the structure of the titanium carbonitride layer can be observed in the above 
Calotest. 

[0113] The above description of the first and the second embodiments illustrates an 
example where the surface coated member of the present invention is applied to a 
cutting tool. However, the present invention is not limited to this and can be suitably 
used for structural materials requiring resistance to wear and fracture, e.g. wear resistant 
materials such as excavating tools, molds and sliding members. 

[0114] The surface coated member of the present invention will be described in detail 
with reference to examples, but it should be noted that the present invention is not 
limited to the following examples only. 
[Example I] 

To tungsten carbide (WC) powder having a mean particle size of 1,5 pm, 6 % by weight 
of cobalt (Co) powder having a mean particle size of L2 pm, 0,5 % by weight of 
titanium carbide (TiC) powder having a mean particle size of 2.0 jxm and 5 % by weight 
of tantalum carbide (TaC) powder were added, mixed and molded into an insert 
(CNMA120412) by press molding, followed by debinding process, and then sintering 
was performed in a vacuum of 0.01 Pa at 1500^C for one hour. Thereby, cemented 
carbide was prepared* In addition, a cutting edge (honing R) was processed into the 
cemented carbide so prepared through bmshing from the rake face. The arithmetical 
mean surface roughness (Ra) based on JISB060 1-2001 was LI ^m on the flank face of 
the substrate so obtained and the arithmetical mean surface roughness (Ra) was 0.4 jim 
on the rake face. 

[0115] Next, through CVD method, a coating layer composed of a multilayer having the 
composition shown in Table 2 w^ coated on the above cemented carbide. The film 
coating conditions of each layer in Table 2 were presented in Table L In Table 1, 
TiCN5 was coated, continuously changing the percentage (Va) of CH3CN gas in the 
reactive gas from LI vol. % to L8 vol. %. The surface of the coating layer underwent 
brushing from the rake face side for 30 seconds to prepare surface coated cutting tools 
of Sample Nos. I-l to 1-9. 

[01 16] Under the following conditions, scratch test was conducted on the flank face of 
the cutting tools so obtained. Observing a scratch track, the state of interlayer peeling 
and the load under which a coating layer starts to peel away from the substrate were 
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checked. As a result^ the upper layer in the interlayer peeling of the coating layer was 
identified as the aluminum oxide (AI2O3) layer and the lower layer in the beginning of 
peeling of the coating layer from the substrate was identified as the titanium 
carbonitride (TiCN) layer. Adhesive force was also figured out for each layer. 
[0117] Equipment: CSEM-REVETEST commercially available fix)m Nanotec 
Corporation 

Indenter: Spherical diamond indenter (diamond stylus manufactured by Tokyo Diamond 
Tools Mfg. Co., Ltd,) 

Measurement conditions are as mentioned above, 

[0118] Polishing was carried out so as to observe the coating layer mentioned in Table 2 
with a transmission electron microscope (TEM), Observing the structure from the 
surface direction of each layer, the structure of titanium carbonitride particles in the 
surface direction was specified and the average aspect ratio was measured. 
Furthermore, photographs were taken with a scanning electron microscope (SEM) at 
any five points on a cutting surface including the cross-sectional sxnface of the coating 
layer. Observing the structure of titanium carbonitride particles in each photograph, 
the average aspect ratio in a cross-sectional direction and the mean crystal width w of 
titanium carbonitride particles were measured. Regarding the samples having a 
multi-layer titanium carbonitride layer, as shown in Fig* 1, the lines A and B were 
drawn in a position 1 ^im high &om the substrate side for the lower layer and in a 
position 0.5 (xm high from the surface side for the upper layer, in relation to the total 
film thickness. The number of grain boundaries cutting across each line segment was 
measured and converted into a crystal width of titanium carbonitride particles, and the 
mean crystal width was found out by averaging the crystal widths which were 
respectively figured out at the photographed five points. 
[0119] [Table 1] 



28 



<0 
GL 



Q. 

E 



0) 

E 



E 

O 
> 



CO 

x 
'E 

EI 

o 
o 

CL 

1 
o 



c 

o 
O 



CO 



8 



0) 
0) 

d> 

■!-: 

CM 

X 

CO 
CO 



in 
o 

o 



5. 

«> 
CO 



to 

CO 

00 



o 

CM 
O 



■a 



o 

o 

CO 



i- 



O 



to 

CO 

oo 



CO 
CM 

o 



to 



o 
o 

CO 



o 



o 

V 
CM 

o 



lO 

<o 
oo 



CO 

CO 
o 



CO 



X 

o 

X 

o 



o 

CM 



LO 

o 



CO 

o 
o 



CM 
CM 



o 

V 
CO 



CO 

£ 
a> 



O 
X 

o 

to" 

CM 

z 



o 



o 



lO 
CO 

oo 



o 

CO 



CM H 



^ CO 



0) 



X 

z 

O 

CO 

X 

o 

CO 



O 



o 

v 
to 

O 



o 

CM 

o 



IS 



o 

lO 
CSJ 



CO 



Q. 
O 



O 
O 



CO 

s 

i-: 

CM 

X 

o 
o 

o 
o 

lO 



X 

o 

o 

'■si - 

O 



o 
z 
o 



o 

5 



CO 



p 
O 

o 



o 

o 

o 



o 
o 



o 
o 



iO 



X 

O 



o 



o 
z 
i- 



lO 

o 
o 



to 



O 
C> 

CO 

CM 

X 

o 
o 

CM 

X 

lO" 

o 
< 



O 

CM 
< 



CO 



lO 

o 
o 



O -C 



c 

01 



o 

X 

> 

bO 

i5 

s 

lb. 

a> 
m 



(0 

\. 

CM 

X 

5 

c5 

CM 

X 

o 
o 

csT 

X 

lO 



o 
< 



o 

CM 

< 
I 



CO 

a> 

_c 
-H 

CM 

X 



to 
p 

o 



jg 

d> 
o 

CO 



"S to 

1 s 

1 . g 

WJ o 

O ai W 

P 

I E > 

S O V 

» "C C 

^ c o. 

s 5 * 

_>. O ^3 

^ 4> .2 

^ ttf ^ 

CL (0 0} 

£ o a> 

2 c 

~ ■£ <B 

« S 

^ 1 a 

" S £ 

z £ < 

> > 



[Table 2] 



29 



IS & 



■i 

CL > — ' 

E 



I 



E 

o 
> 



-o 

<I> 



o 
o 

Q. 

E 
o 
O 



bo 

c 

S 
o 



CO 



8 



CO 
CO 



O 



0) 

>. 

JO 

CQ 



CO 
CO 



o 

o 
o 



CO 



CO 
CM 
O 

o 



to 



m 
to 

1 

+-» 
X 



o 

CO 

X 

o 



o 



O 

o 



o 

X 

o 

'■^ 
o 



o 

V 
Csi 

O 



LO 
CO 
GO 



CQ 
CO 

o 
o 



CO 



X 

o 

CO 



o 

V 
CO 

O 



o 

CM 



in 
o 



CO 

o 

o 



csi 



a> 



to 

CO 



o ^ 

CSI J5 



T- CO 



o 

CO 

X 

o 

CM 



o 



o 

o 
I- 



O 
X 

o 

CO 



o 



o 

o 



o 

CO 



CO 



<o 



o 

CO 



o 

CsJ 

o 



o 
o 



o 
o 



o 
o 



o 
o 



to 

4> 
I. 

i-; 

X 
X 

o 

CO 

o 
o 

p 



o. 

o 



CD 

<l> 

_c 

X 



o 
o 

to 
X 

o 

o 
o 



o 
o 



CO 

X 

ci 
o 



o 
o 



X 

o 

o 

o 
I- 



o 
o 



X 
O 



o 



CO 



O 

o 

CO 



o 
o 

CM 

c5 



O 
< 



o 
< 



(0 
X 



O 
O 
00 



CM 

o 
o 

csT 

O 
X 



o 
< 



to 

o 

CM 
< 

I 



o 



3 
O 

GL 



CO 



c 
Si 

2 



a. 

5 



CO 



5" 



o 

o 
I- 



>* 
CP 

o 
o 

CO 



ca 

E 

o 
o 



c 
o 

(0 

e > 



.±: «> 
S *^ 

s £ 



o 

09 

o 

-o 



o 



S ^ 

fl> ^ 

Q. CO 

^ c 

^ CO 

I i 

S? £ 



30 



[0120] Using the cutting tools so obtained, continuous cutting test and interrupted 
cutting test were conducted under the following conditions to evaluate resistance to 
wear and fracture. The results were presented in Table 3, 
(Continuous cutting conditions) 

Work material: Ductile cast iron sleeve form with four grooves (FCD700) 

Insert: CNMA120412 

Cutting speed: 250 m/minute 

Feed rate: 0.3 mm/rev 

Depth of cut: 2 mm 

Cutting time: 20 minutes 

Others: Water-soluble cutting fluid is used. 

Evaluation item: Observing a cutting edge under a microscope, wear on the flank and 
wear at the tip are measured. 
(Interrupted cutting conditions) 

Work material: Ductile cast iron sleeve form with four grooves (FCD700) 
Insert: CNMA120412 
Cutting speed : 250 m/minute 
Feed rate: 0.3 to 0.5 mm/rev 
Depth of cut : 2 mm 

Others: Water-soluble cutting fluid is used. 
Evaluation item: Nimiber of impacts before fracture 

The state of peeling of a coating layer of a cutting edge is observed 

under a microscope after 1000 impacts are given. 

[0121] [Tables] 



31 



O 



So 



li 



J3 

o 



5 " 



- .g 



5 



i 
4? 



o 



o 
O 



_3 
O 

o 



■3 
< 



I 



E 

o 
O 



c 
E 

3 



51 



3 

J2 



O 

C5> 



•I 



I- s 



9. 
< 



?3 



o , , 

O O 



/\ I— I 

§3 
PS 



1^ 



o 



^ It 



o<=> 



9. 



P 



§S1 



^ <t p it — o 



/\ r— I 

PS 



F 



o 

Z CO 

go 



33 



FS 



o — 



¥2 



o ^ 

< 



O T-: 



q 00 



/\ I— « 
o CO 

Ha t 

O <^ 

P3 



Z CO 

FS 



Z in 

O o 



Z 

F o 



?5 



O P 



O CO 



I— » 

o 

FCi' 



Z CO 

F3 



O ^ 
< o 



o ^ 

Z y- 

O o 



E 

O 



F ^ 



•i a 



8 



-2 -R 



I § s 

& :z 

0 o o 

1 i 

(A ^ O 

» ^ 

^ 1 i 

^ >■ ■- 
11^ 



I -I 
£ o S 
S z ^ 



[0122] As apparent from Tables 1 to 3, Sample Nos, 1-7 and 1-8 where the ratio Fl/Fu 
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was less than LI had chipping and poor ftacture resistance. In Sample No. 1-9 whose 
Fl/Fu ratio was over 30, AI2O3 layer peeled earlier and progress of wear was accelerated. 
By contrast, in any of Sample Nos. I-l to 1-6 and I-IO whose Fl/Fu ratio was controlled 
within the range of LI to 30 according to the present invention, the coating layers did 
not peel. In particular. Sample Nos. I-l and 1-4 to 1-6 where the ratio Fi/Fu was 
controlled within the range of 1.2 to 10 endured a larger number of impacts in 
interrupted cutting test. Moreover, Sample Nos. I-l and 1-4 where the ratio Fl/Fu was 
controlled within the range of 1.5 to 5 had a long life both in continuous cutting and 
interrupted cutting and excellent cutting performance in terms of resistance to fracture 
and chipping. 
[0123] [Example H] 

Through ion plating method, a coating layer was coated on an ultrafine cemented 
carbide substrate mainly composed of WC particles having a mean particle size of 0.3 
|xm. The coating layer consisted of two layers, namely, TiAlCrN layer (2 iJim thick) as 
lower layer and M0S2 layer (1 jmi thick) as upper layer. Then, scratch strength was 
evaluated in the same manner as in Example L As a residt, it was found that Fu (upper 
layer) was 30N, Fl (lower layer) was SON and the ratio FiTFu was 2,7, When a 
throw-away tip for internal diameter was prepared so as to have this structure and used 
for cutting, it proved practical, having excellent resistance to wear and fracture. 
[0124] [Example III] 

Through ion plating method, a coating layer was coated on a substrate composed of 
alloy steeL The coating layer consisted of three layers, namely, titanium carbonitride 
(TiCN) layer (1 |jm thick) as first layer, TiAlN layer (2 jim thick) as second layer and 
CrN layer (0.5 |am thick) as third layer. Then, scratch strength was evaluated in the 
same manner as in Example I. As a result, it was found that Fu (upper layer: TiAIN 
layer) was 40N, Fl (lower layer: TiCN layer) was 6 ON and the ratio FJFjj was 1.3. A 
mold was prepared so as to have this structure and molding test was conducted. 
Consequently, it became clear that the mold was practical, having excellent resistance to 
wear and fracture, 
[0125] [Example IV] 

In the same manner as Example 1, cemented carbide was prepared. A cutting edge 
(honing R) was processed through brushing into the cemented carbide so prepared. 
The surface coated cutting tools of Sample Nos. IV- 1 to IV-7 were prepared by coating, 
on the cemented carbide, a hard coating layer which was composed of a multilayer 
coated under the conditions shown in Table 4 through CVD method and had the 
composition shown in Table 5, 
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Sample No. IV-7 in Table 5 was prepared so that the titanium carbonitride layer had 
gradient structure by continuously increasing the percentage of acetonitrile (CH3CN) 
gas in the mixed gas as mentioned in the condition of titanium carbonitride (TiCN) 
layer 5 in Table 4, 
[0126] [Table 4] 
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[0127] As for the tools so obtained, photographs were taken with a scanning electron 
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microscope (SEM) at five points on any cutting surface or a polished surface including 
the cross-sectional surface of the hard coating layer, and the structure of the titanium 
carbonitride layer was observed in each photograph. At this time, as shown in Fig. 4, 
the lines C and D were drawn in a position one fifth as high as the total film thickness 
from the substrate side and in a position one fifth as high as the total film thickness from 
the aluminum oxide layer (surface) side, in relation to the total film thickness of the 
titanixrai carbonitride layer. The number of grain boundaries cutting across each line 
segment was measured and converted into a crystal width of titanium carbonitride 
crystal Sj and the mean crystal widtlis (W3, W4) were found out by averaging the crystal 
widths which were respectively figured out at the photographed five points. 
[0128] Whether the titanium carbonitride layer was single-layered or multilayered was 
checked in the aforementioned photographs taken with a metallographic microscope or 
a SEM- When the titanium carbonitride layer was multilayered, the film thicknesses U, 
t3 of the upper titanium carbonitride layer and the lower titanium carbonitride layer were 
measured and the value of the relational expression t^/U was calculated. In a case that 
a layer boimdary was unclear in observing the titanium carbonitride layer, the 
aforementioned cutting surface was polished so as to be a mirror finished surface, 
etched with an alkaU solution [10%KOH-l-10%K3Fe(CN)6] and observed under a 
metallographic microscope or a SEM to judge whether the titanium carbonitride layer 
was multilayered or not. The results were presented in Table 5. 

[0129] Regarding cracks in the hard coating layer of the above-mentioned surface 
coated cutting tools, depression produced in the Calotest conducted under the conditions 
below were observed under a metallographic microscope or a SEM. Each crack 
spacing x, y in the lower structure and upper structure of the titanium carbonitride layer 
observed in the Calotest depression was measured. 

[0130] Equipment: CSEM-CALOTEST commercially available from Nanotec 

Corporation 

Steel ball: 

Spherical steel ball having a diameter of 30 mm 
Diamond paste 1/4MICRON 

Cracks were observed in the condition where wear was caused so that the diameter of 
the substrate exposed in the depression could be 0.1 to 0.6 times (0.3 to 0.7 mm in this 
measurement) as large as that of the entire depression. As for the above crack spacing, 
any five straight lines having a length of 200 lua were respectively drawn in the lower 
structure and the upper structure, and the crack spacing x, y and the ratio y/x were 
figured out from the number of intersection points of the straight lines with the cracks. 
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The results were presented in Table 5, 

[0131] Fig, 3 (a) is a photograph for observing a Calotest depression of Sample No. 
IV-2 and Fig. 3 (b) is a photograph for observing a Calotest depression of Sample No. 
rV-5, In these photographs, a given circle c was drawn in the portion of the titanium 
carbonitride layer 24 observed at the periphery of the substrate 2 that is a base material- 
Estimating the number of intersection points p of the circumference of the circle c with 
the cracks, crack spacing was estimated with the following formula: 
Crack spacing = Circumferential length of circle c/Number of intersection points p. 

Sample No. IV-2 

Lower crack spacing: x=1.82 mm 4 points=0,4550 mm 

Upper crack spacing: y=2.81 mm 37 points=0.0759 mm 
y/x=ai67 

Sample No. IV-5 

Lower crack spacing: x=I,82 mm 28 points=0.0650 mm 
Upper crack spacing: y=^2.99 mm -^41 points=0.0729 ram 
y/x=L122 

Regarding all the samples including these samples, the results of calculating crack 
spacing were presented in Table 5. 

[0132] Furthermore, the adhesive force of the hard coating layer was measured in the 
scratch test imder the same measurement conditions as Example 1. The results were 
presented in Table 5. 
[0133] [Table 5] 



37 



fl> rt 

> o 

3^ 



C 

"o 
a. 

o 
o 



X 

\ 



» ns c 
Si t: 
c: " ^ 



O 



o 



o 



CD ^ 



09 



5 



o 



CO 



CM 



csi 



/\ I— I 

O CO 



I— I 

O CO 

^ d 



d 



d 



CO 



9-- 

O d 



o o 



/\ I — I 



Z CO 



CM 
I 

> 



s 



LO 



o 
i- 



y\ I — I 
o oo 

O P 



I— I 

o CO 
O ^ 



I 

2: 



o 

CO 

d 



g 



CO 
CO 



CSI 



CO 



/S r— I 

O P 



y\ 4 — 1 

O CO 

I J 



o 



PS 



o 

CM 



CO 

1^ 



m 

CO 



CO 



O ^ 
Z "> 

O d 



/\ I — « 
o o 
cvi 

Z <rr 
O P 



/\ I — I 

O CO 

d 



O 



Z CO 
P o 



lO 

I 



CO 

CO 



o 

CM 



CM 
CO 



o ^ 
z «^ 
O d 



z S 
o P 

L= ^O 



3 s 

PS 



p o 



CO 



CO 



CM 
CM 



CO 



7 ^ 

J= d 



U5 
lO CO 

Z d 

o ^ 
[— to 
CO 



Z ^ 

J=3 



I 



E 
c 



u 
c 

CO 

E 



c J3 
^ » 

O 

O 

v c 

CO 
CO 

c 



O 

o 

lO 



(0 
C 



E « 

CO ^ 



CO 

« 
E 

Z =4 
O O 
I- o 

c ^ 
E 5 

o o 
(0 bp 

g a 

Q. V- 

Ml 



38 



[0134] Using the cutting tools, continuous cutting test and interrupted cutting test were 
conducted under the following conditions to evaluate resistance to wear and fracture* 
The results are presented in Table 6, 
(Continuous cutting test) 

Under the same cutting conditions of the continuous cutting test as in Example 1, 
changing the feed rate to 0,4 mm/rev, the test was conducted. 
(Interrupted cutting test) 

Under the same cutting conditions of the interrupted cutting test as in Example 1, 
changing the cutting speed to 200 m/minute, the test was conducted. 
[0135] [Table 6] 



Sample 
No, 


Wear resistance test: wear amount 
(mm) 


Fracture resistance 
test 

Number of impacts 
before fracture 
(times) 


Condition of hard 
layer 


Rank wear 


Nose wear 


IV- 1 


0.14 


0.12 


4500 


Nothing abnormal 


IV- 2 


0.18 


0.15 


5800 


Nothing abnormal 


IV- 3 


0,16 


0.16 


6000 


Nothing abnormal 


IV- 4 


0.18 


0,20 


5000 


Nothing abnormal 


*IV-5 


0.32 


0.29 


1100 


Minute chipping 


*IV-6 


0.25 


0.32 


2500 


Chipping 


*IV-7 


0,24 


0.21 


3000 


Minute chipping 



Samples marked V are out of the scope of the present invention. 



[0136] In Tables 4 to 6, Sample No. IV-5 composed of a single-layer titanium 
carbonitride layer and having cracks uniformly and closely throughout the entire 
titanium carbonitride layer, had chipping in the hard coating layer of the cutting edge 
part from the initial stage of cutting and was broken earlier because of the chipping. 
Moreover, Sample No. IV-6 coated v^ith a titanium carbonitride layer comprising 
two-layers coated under the same conditions and having microscopic particle size^, had a 
uniform average crack spacing as a whole in the observation of depre^ion of Calotest 
and also had chipping, resulting in fracture v/hcn 2500 pieces were processed. In 
Sample No, IV-7 having a gradient-structured titanium carbonitride layer, the average 
crack spacing of the lower structure was narrower than that of the upper structure, the 
strength of the titanium carbonitride layer was not enough and minute chipping 
occurred, leading to deterioration in fracture resistance. 

[0137] In contrast. Samples Nos. IV- 1 to IV-4 according to the present invention. 
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having a structure where the average crack spacing of the upper structure (upper 
titanium carbonitride layer) on the aluminxun oxide layer side was narrower than that of 
the lower structure (lower titanium carbonitride layer) on the substrate side of the 
titanium carbonitride layer, had no peeling of the hard coating layer, a long life both in 
continuous cutting and interrupted cutting, and excellent cutting performance in terms 
of resistance to fracture and chipping. Sample Nos, IV- 1 to IV-4 having a multilayer 
titanium carbonitride layer, especially Sample No. IV-3 where the average crack 
spacing of the lower titanium carbonitride layer was as wide as not less than 500 jxm, 
namely, cracks were rarely observed, had the most excellent resistance to wear and 
fracture* 

Brief Description of the Draw^ings 

[0138] [Fig. 1] a scanning electron micrograph showing one example of the cutting 
surface of the surface coated cutting tool according to the first embodiment of the 
present invention, 

[Fig, 2] (a) is a scanning electron micrograph in observing, from the surface, a 
preferable structure for the fine titanium carbonitride (TiCN) layer of the surface coated 
member according to the first embodiment of the present invention; and (b) is a 
scanning electron micrograph in observing, from the surface, the titanium carbonitride 
(TiCN) layer (a preferable structure as the upper TiCN layer) of the other surface coated 
member according to this embodiment. 

[Fig. 3] (a) is a metallographic microscope image showing a depression in Calotest of 
the surface coated cutting tool according to the second embodiment of the present 
invention; (b) is a metallographic microscope image showing a depression in Calotest of 
the surface coated cutting tool in a comparative example, 

[Fig, 4] This is a scanning electron microscope image of the surface coating layer region 

in the cutting surface of the surface coated cutting tool of Fig. 3 (a). 

[Fig, 5] This is a pattern diagram for explaining the method of Calotest. 

Description of Reference Numerals 

[0139] 1, 21 - 'Surface coated cutting tool (tool) 

2- "Substrate 

3 , 23 ' * 'Hard coating layer 

4- "Upper layer (aluminum oxide layer) 

5* **Lower layer (titanium carbonitride layer) 

5a* * 'Fine titanium carbonitride layer 

6" "Titanium carbonitride lower layer 

7" "Titanium carbonitride upper layer 
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8- • • Titanium carbonitride particle 

8a- ■ - Fine titanium carbonitride particle 

8b • "Titanium carbonitride particle in the titanium carbonitride upper layer 

10'* 'Base layer 

11 -"Middle layer 

12 -Surface layer 

24* • 'Titanium carbonitride layer 

25-Crack 

27- "Depression 

3 1 • • 'Lower structure of titanium carbonitride layer 
32" "Upper structure of titanium carbonitride layer 
33"-Hardball 
34'** Support rod 

35 " "Lower titanium carbonitride layer 

36 ■ ■ 'Upper titanium carbonitride layer 

A' ' 'Line indicating the position 0.5 ^m away from the interface between the aluminum 
oxide layer and the titanium carbonitride layer toward the substrate 
B' "Line indicating the position 1 |xm away from the interface between the substrate and 
the titanium carbonitride layer toward the aluminum oxide layer 

hi -"Position of height where the mean crystal width of the titanium carbonitride lower 
layer is measured 

h2" 'Position of height where the mean crystal width of the titanium carbonitride upper 
layer is measured 

Wi ' ' -Mean crystal width of the titanium carbonitride lower layer 
W2* * 'Mean crystal width of the titanium carbonitride upper layer 
ti ' ' 'Film thickness of the titanium carbonitride lower layer 
t2' "Film thickness of the titanium carbonitride upper layer 
c • - Circle in measuring average crack spacing 
p' • - Intersection point of the circle c with a crack 

X" -Average crack spacing in the lower structure (substrate side) of the titanium 
carbonitride layer 

y "Average crack spacing in the upper structure (aluminum oxide layer side) of the 
titanium carbonitride layer 

W3* ■ 'Mean crystal width on the substrate side of the titanium carbonitride layer 
W4'"Mean crystal width on the aluminum oxide layer side of the titaniimi carbonitride 
layer 
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ts" - Film thickness of the lower struclxire of the titanium carbonitride layer 
t4' ■ - Film thickness of the upper structure of the titanium carbonitride layer 



